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S U M M A R Y
The m ain  body of w ork described  in th is  T hesis  w as the  
sy n thesis  of p e r i -a ry lte tracen e  deriva tives, and the cyclisation 
of these  to new condensed hydrocarbons, a ll of which contained 
the  te trac en e  r in g -sy stem .
C losely re la ted  to th is  work, however, w ere the syn theses 
of l:2 -8 :9 -d ibenzan th rene , rubicene, and iso -rubicene.
The T hesis , then, fa lls  m ainly into th ree  in te rre la te d  
p a r ts .
The f i r s t  deals with the syn thesis of 5-naphthyltetracene, 
and the condensation of th is  compound to  l:2 -5 :6 -d ibenzpery lene , 
and to  1:2- 5 :6-7 :8-tribenzfLuoranthene. It was a s  an in tegral 
p a r t  of th is  study that l:2 -8 :9 -d ibenzan th rene  w as synthesized, 
and two hydrogenated deriv a tiv es  of th is  hydrocarbon w ere  found 
to  constitu te the f i r s t  known exam ple of lin ea r-an g u la r iso m erism  
in te traphene -  3:4-benzphenanthrene system s.
The second p a r t  d e sc rib e s  the synthesis of 5:12-dinaphthyl- 
te tracen e , and the  condensation of th is  coumpound to  
7 :8-15 :16-d ibenzterry lene .
The rem a in d er of the T hesis  began with the synthesis of 
5 :12-diphenyltetracene and the  cyclisation  of th is  to 
2 :3-benzorubicene, and th is  in  tu rn  led  to a  full study of the 
sy n thesis  of rubicene and iso -rubi cene (including a  new syn thesis 
of rubicene) and se v e ra l new deriva tives of 2 :3-benzfluoranthene0
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Throughout a ll th ese  investigations^ the absorption spectra  
of the num erous new compounds w ere  examined, and th is , coupled 
w ith the  form ation  of m aleic  anhydride adducts, was used  a s  an 
im portan t tool in  establish ing  the s tru c tu re s  of the new hydrocarbons.
In addition, the Annelation P rin c ip le  of E. C lar was extended 
in  the  s e r ie s  of p e ry lenes and te rry le n e s .
INTRODUCTION
The f i r s t  a ro m atic  hydrocarbon derived  f rom te tracen e  w as the deep
u
re d  '’rubicene '1 (II), which w as synthesized by MCfREU and co -w orkers 
(1) by condensation and ring  c losu re  of two m olecules of iso aeth in- 
d i-ph thalide  (I). MOREU, however, was a tth is  tim e not
ab le  to  estab lish  the s tru c tu re  of II. T his w as left to  DUFRAISSE (2) 
and ALLEN (3) who w ere able to  show that MOREU1s  "rub te^ne” (II) 
w as in  fac t a  te tracen e  derivative , nam ely 5 :6 -ll:1 2 -te tra p h en y l-  
te trac en e .
DUFRAISSE synthesis 
One very  in te res tin g  p ro p erty  of rubicene (II) w as i ts  deep red  
colour, both alone and in solution. T etracene  is  only orange in 
colour and the two phenyl-groups of 5 :12-diphenyltetracene have 
only a  m inor effect on colour, th is  derivative  being s till o range. 
The deep red  of 5 :6 -ll:1 2 -te trap h en y lte tracen e  i s  probably  due to
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the  high e lectron  density of th is  complex m olecule, and la te r  
CLAR and MARSHALK (4) gave an explanation of the strong colour 
sh ift in p e r i- te tra c e n e  deriva tives.
The colour shift tow ards red , i. e. tow ards longer w ave-length in 
absorp tion , i s  m uch h igher when p e r i -a ry lte trac en e s  a re  ring 
c losed  by various m ethods to  f o rm condensed ring  system s with 
a  te trac en e  skeleton.
CLAR and STEWART (5) synthesized the deep red  2 :3 -6 :7-dibenz- 
fluoran thene (III) by ring  c lo su re  of 5 -phenyltetracene in an 
alum inium  chloride - sodium chloride m elt.
DUFRAISSE (6) ring  closed  5 :ll-d ich lo ro -6 :12 -d ipheny lte tracene  
with po tassium  hydroxide in quinoline and obtained the blue 
hydrocarbon diphenylenerubene. (IV).
W
In fig. 1 the absorption sp ec tra  of both hydrocarbons III and IV a re  
given in  com parison with that of te tracen e . The strong shift tow ards 
the  red  can be seen c learly .
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It w as proposed, in the work described  in th is  T hesis, to  synthesize 
fu r th e r  hydrocarbons having te tracene  a s  the basic  skeleton. T his 
w as to  som e extent governed by the now ready availability  ctf te tracen e .
It w as intended to  p rep a re  new p e r i -derivatives of te tracen e , and 
to  condense these  to  hydrocarbons with a  te trac en e  skeleton.
M oreover, the absorption spectra  of the substances thus synthesized 
would be exam ined and possibly fitted into the anella tion-princip le  
of E . CLAR (7).
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A bsorption Spectra of Polycyclic A rom atic Hydrocarbons
Spectra of polycyclic a ro m atic  hydrocarbons show individual absorption 
bands with d istinc t s tru c tu re , and these  bands belong to  d istinc t band 
g roups which b e a r  d irec t re la tio n  to the s tru c tu re  and constitution of 
the  polycyclic system . The positions of the bands shift on the addition 
of benzene rings to the m olecule, in a  m anner which is  c h a rac te ris tic  
of the method of annellation.
The annellation p rincip le  of E. CLAR (7) gives a method of classifying 
th ese  band sh ifts. It w as found that the m axim a of individual bands 
can be described  in the equation
w here  R is  a  constant, and K the so -ca lled  11 o rd e r num ber” , which x ’ 7
in c re a s e s  with the  num ber of benzene rings. Accordingly, R is  
p roportional to the  num ber of condensed benzene rings.
The deg ree  of shift is  d ifferent fo r the d ifferent groups of bands. In 
the  sp e c tra  of lin ea r acenes, fo r exam ple, (such a s  anthracene, 
te tracen e , and pentacene) the bands with the longest wave lengths 
show the g re a te s t red  shift (shift to  longer wave length) on lin ea r 
annellation. T hese band groups w ere taken to be assoc ia ted  with that 
p a r t  of the m olecule which is  not affected by the annellation, nam ely 
the  p a ra -p o sitio n s  of the  innerm ost benzene r in g s: -
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In tab . 1 the  positions of the absorption  m axim a of the bands with 
the  longest-w ave lengths (now called  pa ra -bands o r p-bands) a re  
given in  com parison with the values calculated f rom CLARfs  
fo rm u la :-
Acene K K /R  (A) R (A)
P
____________________________(calculated)_________(experim ental)
A nthracene 8 3737 3780
T etracen e  9 4729 4735
Pentacene 10 5838 5755
_1
R = 1712800 cm for benzene a s  solvent.
P
The phenes, condensed system s sta rtin g  f rom phenanthrene in angular 
annellation, have a s  th e ir  c h a rac te ris tic  bands the  -bands and 
-bands. These band groups do not shift a s  much a s  the  p-bands on 
annellation but they a lso  obey the annellation p rincip le  of E. CLAR.
Not only the  sim ple arom atic  hydrocarbons (the acenes and phenes) 
can be described  by the annellation p rincip le , but condensed system s, 
such a s  the p e ry len es (V) and te rry le n e s  (VI) have definite band 
s tru c tu re s , which shift in a reg u la r m anner with the annellation of 
benzene rings to the system
V VI
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Two of the new hydrocarbons, synthesized in the course  of th is
w ork, nam ely a benzohomologue of pery lene and a benzohomologue 
of te rry len e , w ere  fitted  into the a lready  known se r ie s  of "pery lenes11 
and nte rry le n e s1f and th e ir  positions in these  s e r ie s  is  d iscussed . 
T h e ir  unusually  high shift, in com parison with other benzologues, 
g ives r i s e  to  a  new theory  of acene-type annellation in condensed 
sy s te m s.
The syn thesis of p e ri-a ry lte tra c e n e  deriva tives
The m ethods of p rep a ra tio n  of p e r i -a ry lte tracen e  derivatives 
involved the  u se  of the GRIGNARD reaction , o r the reaction  between 
a ry l lith ium  and the n ecessa ry  keto-detivatives of te trac en e :-
1 .)  5 -naphthyltetracene (VII) was form ed by the action of 1-naphthyl- 
m agnesium -brom ide on te tracenone-5  (8). The alcohol, form ed 
a s  an  in te rm ed iate  stage, is  unstable and sp lits  off w ater and 
thus fo rm s the 5-naphthyltetracene (VII) im m ediately :-
2 .)  5:12-dinaphthyltetracene (VHI) w as form ed by trea tin g  two m oles 
of 1 -naphthyl-lithium  with one mole of tetracenequinone, and 
subsequent reduction of the form ed diol with po tassium  iodide 
in  ace tic  acid :-
3 ,)  5 :12-d ich lo ro-6:11-dinaphthyltetraeene (IX) was form ed by 
GRIGNARD reaction  betw een 1-naphthyl-m agnesium -brom ide 
with dichLorotetracenequinone, followed by reduction  of the 
form ed diol with potassium  iodide in acetic  acid:
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The absorp tion  sp ec tra  of the two dinaphthyltetracenes a re  shown 
in  F ig. 2 in  com parison with te tracen e . The strong  shift tow ards 
the  red  in  absorp tion  is  c learly  indicated, and h e re  again  the 
te tra -su b s titu te d  derivative  (dinaphthyldichlorotetracene) gives 
the  s trongest shift.
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Ring c lo su re  of p e r i - a ry lte tracen e  derivatives 
Introduction; -
In the cou rse  of th is  work, two m ain m ethods of ring c losure  w ere 
u s e d :-
a) ring  c losu re  in an alum inium  chloride - sodium  chloride m elt
b) ring  c losu re  with potassium  hydroxide in boiling quinoline 
by elim ination of hydrogen chloride.
Pyrocondensation  of benzene, naphthalene and other hydrocarbons (9) 
w as the f i r s t  method of condensing sm alle r a rom atic  m olecules. Thus, 
diphenyl (X) is  form ed when benzene vapour is  passed  through a red  
hot tube:-
The u se  of a  red  hot w ire  instead  of a  tube (10) improved th is  method 
considerably , and recen tly  the red  hydrocarbon l:2 -6 :7 -d ibenz te tracene
(XI) w as synthesized in th is  m anner (11) from  acenaphthene.
\ 1
XI
acenaphthene
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L a te r  i t  w as found that an aluminium chloride m elt (tem perature ca. 
160 ) w as a  good substitute for the red hot tube o r w ire. Condensation 
of naphthalene in an alum inium  chloride m elt gave 2:21-dinaphthyl
(XII) in good yield (12).
8 *
If l : l f~dinaphthyl is  trea te d  in an aluminium chloride m elt, pery lene 
(XEI) i s  form ed.
' C O  O o ;
s '
y iu
F u rth e r  im provem ent in th is  ring  closure  method was brought about 
by using  a  m ixture of alum inium  chloride and sodium chloride (in the 
p ro p o rtio n s five to one) which m elts a t 110°. Such a m elt is  of course 
s till  very  violent, and som e side reaction, such a s  carbonisation, 
rea rran g em en t, and splitting, always take place. F u rtherm ore , the 
hydrogen produced during the course of the reaction  often re a c ts  with 
the  s ta rtin g  m ate ria l or the final product, giving r is e  to  d ifficu lties 
in  separa tion  and purification  of the produced hydrocarbon. Hydrogenation 
i s  som etim es avoided, or lessened , by using oxygen-containing 
d e riv a tiv e s  fo r the final rin g -c lo su re . Thus, alcohols m ay be used
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fo r  the  final step instead  of hydrocarbons, or oxygen gas may be 
bubbled through the m elt.
The sodium  chloride - alum inium  chloride m elt is ,  th e re fo re , when 
used  with due ca re  and p recau tions, an excellent method fo r synthesizing 
new hydrocarbons.
A good exam ple of the method is  the synthesis of 7 :8 -benzterry lene
If an unambiguous method is  wanted fo r finally  estab lish ing  the s tru c tu re , 
the  r in g -c lo su re  method using potassium  hydroxide in boiling quinoline 
i s  generally  p re fe rred . The s tru c tu re  of the  above m entioned 7:8-benz- 
te r ry le n e  is  verified  by ring -closing  l:4 -d ich lo ro -9 :1 0 -d i-(l-n ap h ty l)- 
an th racene  with potassium  hydroxide in  boiling quinoline (15).
(XIV) (14)
y \ \ /
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The cou rse  of th is  reaction  is  not a s  com plicated as an alum inium  
ch lo ride  - sodium chloride m elt. In som e cases chlorine is  sp lit 
off and rin g -c lo su re  is  thus not complete. The method has however 
one draw back, nam ely, the sta rting  m ateria l. The corresponding 
chloroquinones a re  ra re ly  available and th e ir  syntheses a re  always 
d ifficu lt. In th is  reason  the aluminium chloride - sodium  chloride 
m elt is  ve ry  often p re fe rre d  in synthesizing new hydrocarbons.
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R ing-c losu re  of 5 -(l-naph thy l)-te tracene
1:2-5:6-d ibenzperylene (XV) and l:2 -5 :6 -7 :8 -tribenzfluoran thene 
(XVI).
If 5 -(l-n ap h th y l)-te tracen e  (VII) is  cyclised in an alum inium  chloride - 
sodium  chloride m elt the possible form ation of th re e  d ifferent hydro­
carbons can be p red ic ted :-
M W
OQ
One would expect m ainly a  r in g -c lo su re  in the p eri-p o sitio n  6 of the 
te tra c e n e  m olecule. In the naphthalene residue, positions 21- and 81- 
a r e  s im ila r  in  th e ir  reactiv ity . Thus, if ringclosure  only tak es p lace 
in the 6-position  of te tracene , either the naphthalene residue  ring- 
c lo ses  in the  8*-position (forming the perylene system  of XV) or it 
r ing  c lo ses  in  the 2, -position  (thus form ing the five m em bered ring  
sy stem  of fluoranthene in XVI).
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If r in g -c lo su re  i s  to  take place in the 4-position of the te tracene  
m olecule, th is  can only happen if the 6-position is  blocked. Hydrogen 
a tom s, sp lit off during the course of the reaction, may form a 
6 :11 -d ihydro -derivative  (XVHI) of the naphthyltetracene, which is  then 
unable to rin g -c lo su re  in the 6-position. R ing-closure  tow ards the 
o u te r ring  takes p lace, and, by finally splitting off the two hydrogen 
atom s, l :2 - (2 , :3, -naphtho)-perylene (XVII) is  fo rm ed:-
Vtl
| *  * .
P rev io u s  experim ents (8) indicated that two hydrocarbons w ere always 
fo rm ed . Iso lation  and purification, however, w as somewhat troublesom e, 
p a rtic u la rly  due to  the high photosensitivity of the resu lting  hydrocarbons.
Eventually, both hydrocarbons w ere p repared  in the course  of th is  
w ork. N aphthyltetracene was trea ted  in an alum inium  chloride - sodium 
ch lo ride  m elt fo r fifteen m inutes at 130° resu lting  m ainly in the 
v io le t-b lue  l:2-5 :6-d ibenzpery lene (XV). A m elt a t 110° fo r  seven 
m inutes, however, g a v e  m a i n l y  the blue hydrocarbon l:2 -5 :6 -7 :8 - 
tribenzfluoran thene (XVI). In both m elts, of course, both hydrocarbons 
w ere  found to som e extent through separation  by chrom atography.
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F orm ation  of m aleic  anhydride adducts
One sim ple  aid to establishing the s tru c tu re  of an arom atic  hydro­
carbon  is  by reaction  with m aleic anhydride (M. A.) .  CLAR was 
able to  show (16) that such hydrocarbons as anthracene, te tracen e  
and pentacene form adducts with m aleic anhydride by boiling the 
hydrocarbon with the  anhydride in xylene fo r about fifteen m inutes.
The solution of the hydrocarbon, if coloured, is  rapidly decolourized 
and on cooling, the adduct c ry s ta lliz es  in long needles. The absorption 
sp ec tru m  of the disodio sa lt of such an adduct is  of course entirely  
d ifferen t f rom that of the hydrocarbon. It gives the absorption spectrum  
of a  sm a lle r  p a r t  of the hydrocarbon, since arom atic  resonance over 
the  whole m olecule is  broken through the form ation of the adduct. 
P en tacene  (XIX), fo r instance, shows a fte r form ation of i ts  m aleic 
anhydride adduct (XX) the absorption spectrum  of naphthalene.
* y
v ch -  ud
/ i  = 1 > o-  c-o
P e ry len e  (XXI) re a c ts  with m aleic anhydride in the l:l2 -p o s itio n  (17).
The reac tio n  is  b e s t c a rr ie d  out in a  m elt of perylene and the anhydride
w ith added chloranil, when the l:12-benzpery lene-dicarboxylic  acid 
(XXH) is  form ed, which can be decarboxylated to yield l:12 -benz- 
pery lene  (XXIII).
The s tru c tu re s  of m ore complex m olecules a re  very  often easily  
estab lished  by the form ation of m aleic anhydride adducts. Recently, 
CLAR and KELLY (15) synthesized the two d i-p e r i-naphthylene- 
an th racenes XXIV and XXVI by unambiguous m ethods, and com pared 
the  absorp tion  sp e c tra  of th e ir  m aleic anhydride adducts XXV and 
XXVII:
£30
_\  i
VVV|
i r
U i O
v  k\J\[
Ol - M3 
1 > 0  
Ct? - <oO
W hilst the absorption spectrum  of the adduct XXVII shows bands in 
the  v isib le  region thus indicating i ts  m ore complex resonance system  
of dibenzterphenyl (as in the dihydro compound XXVIR),
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the  resonance system  of the hydrocarbon XXIV is  broken into two 
ha lves by addition of m aleic anhydride, the adduct showing the low 
absorp tion  of benzanthrene (XXIX).
F o r  the postulated  hydrocarbons XV, XVI, and XVII we can p red ic t 
the  possib le  form ation  of the following adducts: -
i) fo r  l:12-5 :6-d ibenzpery lene (XV) the adduct XXX with the 
resonance  system  of 1:2-8 :9-dibenzanthrene XXXI
x V
ii) fo r l:2 -5 :6 -7 :8 -tribenzfluo ran thene (XVI) the adducts 
XXXE or XXXIV, with resonance system s of 3 :4-5 :6- 
dibenzfluorene XXTTT o r 1:2 - 5:6-dibenzfluorene XXXV 
respec tive ly :
- 24 -
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iii) fo r 1:2- (21:31~naphtho)-perylene (XVII) the adduct XXXVI 
with the resonance system  of pery lene (XXXVII)
M.ft
O O
i i i
V X X \/U
T his hydrocarbon would probably a lso  re a c t with m aleic anhydride 
in a  m elt with chloranil, form ing the 6 :7 -benz-l:2 -(2 t :3, -naphtho)- 
pery lenedicarboxylic  acid (XXXVM), which, when form ed, could 
be decarboxylated to  the corresponding hydrocarbon XXXIX:-
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In fact, the v io let blue hydrocarbon (XV) m ainly form ed in the m elt 
a t 130° w as decolourized by boiling with m aleic anhydride fo r fifteen 
m inutes in xylene. The disodio sa lt of the form ed adduct showed an 
absorp tion  spectrum  s im ila r  to that of l:2 -8 :9 -d ibenzan th rene  (XXXI) 
(fig. 3 ).
The blue hydrocarbon (XVI) form ed in the m elt a t 110 a lso  gave a 
co lo u rless  adduct, which, a s  a  disodio sa lt, had an absorption 
spectrum  s im ila r  to  that of e ither 3 :4-5:6-dibenzfluorene XXXHI 
o r  1:2- 5:6-dibenzfLuorene XXXV.
T here  seem  to  be som e d ifferences in reg a rd  to the la t te r  sp ec tra  
(18) so that an  exact com parison could not be made. Thus, the sp ec tra  
of l:2 -5 :6 -7 :8 -tribenzfluo ran thene  (XVI) and i ts  m aleic anhydride 
adduct (XXXII o r XXXIV) a re  given in fig. 4, and the sp ec tra  of the 
two fluorenes XXXIII and XXXV a re  given separa te ly  in fig. 5 . The 
very  s im ila r  shapes of a ll th ese  sp ec tra  show c lea rly  enough the close 
re la tionsh ip  among the d ifferent substances.
No adduct w as form ed having an absorption spectrum  s im ila r to that 
of pery lene. Nor did any of the two hydrocarbons reac t with m aleic 
anhydride and chloranil in a  m elt. Thus, the form ation of 1:2- 
(2, :3, -naphtho)-perylene can be en tirely  excluded from  the above 
d escribed  alum inium  chloride - sodium chloride m elt of naphthyl- 
te tracen e .
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The syn thesis of l:2 -8 :9-d ibenzan threne
l:2 -8 :9 -d ibenzan th rene  had, up till  now, not been described  in the 
l ite ra tu re , a ttem pts to p rep a re  it having failed  (19). A possib le  
s ta rtin g  point w as l:2-8 :9-d ibenzanthrone (XL). T his was p repared  
fro m  1:1 ’-8 :81 -dinaphthyl- dicarboxylic acid  by p a rtia l rin g -c lo su re  
with zinc chloride to  the  m ono-carboxyl ic acid (20). T his acid  was 
decarboxylated with copper powder in quinoline and gave the 
benzanthrone (XL) in good yield.
Reduction of l:2 -8 :9 -d ibenzan th rone (XL) gave the corresponding 
dibenzanthrene (XXXI). The f i r s t  a ttem pt was made using a method 
described  for the reduction of benzanthrene itse lf  (21). The 
dibenzanthrone was boiled fo r 12 hours in an ethanolic solution 
of potassium  hydroxyde with zinc dust. Sublim ation of the product 
thus obtained yielded a trim ethy lene derivative , which, from  its  
absorption  and phosphorescence spec tra , was a derivative  of 
te traphene. A possib le  s tru c tu re  is  11:12-trim ethy l enetetraphene 
(XLI>fig. 6).
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A second attem pt w as m ade by trea tm en t of the dibenzanthrone (XL) 
with hydmodic acid  and re d  phosphorus. The obtained hydrocarbon 
w as again a trim ethy lene  derivative, nam ely 8 :9 -trim ethy lene-3 :4 - 
benzphenanthrene (XLII) (shown to be a derivative  of 3:4-benz- 
phenanthrene by com parison  of the absorption and phosphorescence 
sp e c tra  (fig. 7) ). Also, th is  hydrocarbon proved to be identical 
with a  hydrocarbon p rep a red  by FIESER by the indicated rou te:-
h.L
o
X U V L 1 1
FIESER syn thesis
AU cii
c.
no
The two synthesized trim ethy lene  d e riv a tiv es  constitute another 
in te res tin g  exam ple of lin ear-an g u la r iso m erism  in arom atic  
chem istry . FIESER believed that, when an a ro m atic  skeleton is
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form ed by condensation o r dehydrogenation, of the two possible 
fo rm s  the  angular s tru c tu re  is  alw ays favoured to  the lin e a r  (22). 
H is p red ic tion  w as that in such a  case  the l in e a r  fo rm  would r e ­
a rra n g e  during the course  of the reaction  and thus would not be 
iso la ted . Recent developm ents, however, have shown that both 
fo rm s  a re  stab le under ce rta in  conditions (23).
The two hydrocarbons 1:2 -b en z-3:4 -ace-peri-naph thane (XLHI) 
and 4 :5 -benz-6 :7 -ace-p e r i -naphthane (XLIV)
w ere synthesized from  3f :4! -d ih y d ro -1:2-b en z -3:4-a c e -p e r  i-  
naphthane (XLV) by varying the conditions of dehydrogenation 
in  tem p era tu re  and reaction  tim e. Both hydrocarbons w ere easily  
iso lated  by chrom atography. W hilst one hydrocarbon (XLHI) has 
an anthracene skeleton the other (XLIV) has the skeleton of phenan- 
th ren e . These two hydrocarbons rep re se n t the f i r s t  example of 
the  so -ca lled  lin ea r-an g u la r iso m erism  of condensed p e r i-  
naphthanes. ^
- 29 -
The sam e lin ea r-an g u la r iso m erism  occurs when l:2 -8 :9 -d ibejiz- 
an throne (XL) is  reduced. In one p ro cess , only th e  m ainly 
te traphene  skeleton (XU) is  form ed; in the o ther, only the wholly 
angu lar 324-benzphenanthrene
o o o
o
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(XLn) skeleton. Both deriva tives w ere  form ed in a  z inc-dust m elt 
(CLAK*s'^inc-dust m elt” ) of the  benzanthrone (XL) and w ere separa ted  
and iso la ted  by  rep ea ted  chrom atography. The above iso m erism  
(tetraphene, 3 :4-benzphenanthr ene) h a s  not t il l  now been reco rded  in  
th e  l i te ra tu re . A ttem pts in  th is  d irec tion  only produced the angular 
d e riv a tiv e  (XLn) (24).
A successfu l syn thesis of 1:2-8rS-difoenzamthr erne (XXXI) w as 
c a r r ie d  out using  a lum inium -iso-proposyde a s  reducing  agamt (25).
T he dibenzanthrene w as obtained by th is  m ethod in  good yield :
X K &  —  A M ?
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The p -abso rp tion  in perylene homologues
The absorp tion  spectrum  of perylene can be re la ted  to  that of 
biphenyl (XLVI). Though the absorption spectrum  of biphenyl is
very  diffuse, due to d isto rtion  of 
the two benzene rin g s to ca 25° 
out of plane, th e re  is  obviously 
O  in terac tion  between each ring,
so that the absorption spectrum  
is  not benzene-like.
X U  V[
Addition of one benzene ring  to biphenyl gives the hydrocarbon 
1 -phenylnaphthalene (XLVII). This hydrocarbon has the absorption
spectrum  of a  naphthalene derivative . 
T his m eans that e lectron ic  flux 
I betw een the naphthalene and the
benzene ring  is  hindered. If,
X L\/li however, the benzene and naphthalene
rin g s a re  fixed in plane by a 
m ethylene bridge, a s  it i s  in benzanthrene (XLVIII), the absorption
spectrum  shows fine s tru c tu re , 
and is  en tire ly  d ifferent from  
phenylnaphthalene (XLVII). This 
ind icates tha t in benzanthrene 
e lec tron  in te rac tion  takes place
X UVUl
throughout the m olecule.
P e ry len e  (IL) can be considered a s  two condensed biphenyl m olecules.
It has a  ve ry  d istinc t absorption 
spectrum  which indicates that 
e lec tron  in terac tion  takes place
1 L.
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over the whole m olecule. Addition of one benzene ring  to perylene
gives the hydrocarbon l:2 -b en z-
The hydrocarbons m entioned above form  a  s e r ie s  of which the 
low est m em ber is  biphenyl (XLVI) and the highest m em ber bisanthene 
(L it). T h e ir p a ra -ab so rp tio n  bands follow CLAR*s annellation p rincip le  
(7) and the equation
R
w here R = wave length of the highest p a ra  absorp tion  band 
K = o rd er num ber (see page 10)
R = constant fac to r fo r the pery lenes.
pery lene (L); addition of another 
benzene ring  gives the hydrocarbon 
l:2 -7 :8 -d ibenzpery lene  (LI).
T hree  biphenyl m olecules 
condensed together fo rin  the 
hydrocarbon b isan threne (LII) 
which exhibits very  strong 
absorption in the blue region 
of the spectrum .
L
In fig. 8 the  absorp tion  sp ec tra  of the pery lenes a re  com pared and 
the  o rd e r  num ber K is  given.
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The newly synthesized hydrocarbon l:2 -5 :6-d ibenzpery lene (XV, 
page 19) a lso  f i ts  into th is  s e r ie s . M oreover, the spectrum  of the 
disodio sa lt of the  m aleic  anhydride adduct (XXX, page 23) a lso  
g ives a  new m em ber of the p e ry le n e -se r ie s .
CO 0 3
^  O  1 u
0 0 3 3  0 3
Noteworthy i s  the very  strong shift exhibited by XV from  pery lene 
I L .. T his shift is  s tro n g e r than the one in LI from  pery lene IL.
T his seem s to  be  su rp ris in g , fo r, in both hydrocarbons XV and LI 
the  two additional benzene rin g s  a re  the cause of the red  shift. 
C alculation in  the pery lene  gives fo r each additional benzene ring  
an  in c re a se  in  o rd e r  num ber of 0. 5. This is  exactly verified  in LI 
which has the o rd er num ber 9 (see fig. 8). The new hydrocarbon 
XV has, however, o rd e r num ber 9 .5  (see fig. 9), w hilst l:2 -b en z- 
pery lene  (L) has o rd er num ber 8. 5 (see fig. 9). Addition of one 
benzene ring in the lin e a r 5:6-position  has thus shifted the absorption 
spectrum  of L by one o rd e r num ber, from  8 .5  to 9. 5. Such a shift 
(one o rd er num ber for each additional benzene ring) is  common only 
in the a c e n e -se r ie s . Thus, it seem s, that the te tracen e  system  in 
l:2 -5 :6 -d ibenzpery lene  (XV) gives r is e  to  acene-like  annelfation 
effects.
In fig. 9 the absorption sp ec tra  of l:2 -5 :6 -d ibenzpery lene  and the  disodio 
sa lt of i ts  m aleic  anhydride adduct a re  shown in the p e ry le n e -se rie s .
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7 :8-15:16-D ibenzterrylene
The action of a  sodium  chloride -  alum inium  chloride m elt on 
5:12-dihydro- 5:12 -d i- (1 - n ap h th y l)-te tracen e-5:12-dio l (LII) gave 
the  g reen  hydrocarbon 7 :8-15 :16-d ibenzterry lene  (LIV) a s  m ain 
p roduct.
Unlike the r in g -c lo su re  of 5-(1 -naph thy l)-te tracene , the rin g - 
c lo su re  of L in  p ro ceed s  only in one d irec tion . This can be com pared 
w ith the r in g -c lo su re  of 9 :10-d i-(l-naph thy l)-9 :10 -d ihydroan th racene- 
9:10-dio l, which a lso  fo rm s only one hydrocarbon, nam ely 7 :8-benz- 
te r ry le n e  (see page 17).
VI & \ / /V a  ^
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A s a  by-product in th is  syn thesis a  blue hydrocarbon w as found, which 
showed g rea t s im ila r ity  in i ts  absorp tion  spectrum  to that of 7:8- 
ben z te rry len e  (XIV) and w as, probably  l l :2, :3t :41fte trah y d ro -7 :8 - 
15 :16-d ibenzterry lene LV.
- 34 -
7 :8 -15 :16-d ibenzterry lene  gave a g reen  solution in xylene, and, 
on boiling with m aleic  anhydride, form ed a yellow adduct (LVT), 
(spectrum  see  fig . 10). The disodio sa lt of th is  adduct showed an 
absorp tion  spectrum  s im ila r  to tha t of the  d isod io -sa lt of the 
m aleic  anhydride adduct XXV of 7 :8 -benz te rry lene  XXIV (see p. 22), 
except that the sh ift to the re d  was here  much stro n g er than in the 
fo rm e r  adduct. C om parison of the a rom atic  s tru c tu re  of both 
adducts, XXVUand LVI, a s  in  XXVIII and LVH showed, that the  one 
additional benzene ring  w as the cause of the s tro n g e r  sh ift in LVI.
T his observation  gave the f i r s t  confirm ation tha t LIV had the asigned 
s tru c tu re . F u rth e r  confirm ation derived  from  the te trah y d ro - 
deriva tive  LV with i ts  7 :8 -b en z te rry len e-lik e  spectrum .
T he final confirm ation  of the s tru c tu re  of LIV w as provided by an 
unam biguous syn thesis. 5 :1 2 -d ic h lo ro -6 :ll-d i-( l-n a p h th y l)- te trac e n e  
(IX) cyclized sm oothly to the sam e g reen  hydrocarbon, when boiled 
w ith po tassium  hydroxyde in quinoline. A fte r boiling fo r two hours 
the  g reen  hydrocarbon LIV w as iso lated  in an a lm ost p u re  s ta te .
*  x v Ul L-Vll
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A s an  in te re s tin g  by -p roduct in th is  syn thesis, a  blue hydrocarbon 
w as iso la ted  fro m  the  reac tio n  m ix tu re . T his blue hydrocarbon was 
the  m ain product when d ichlorodinaphthyltetracene (IX) w as heated 
in  quinoline with po tassium  hydroxyde fo r  only 20 m inutes, instead  
of two hours. C om parison of i ts  absorp tion  spectrum  and the 
sp ec tru m  of l:2 -5 :6 -d ibenzpery lene  (XV) showed s im ila r it ie s . 
T h ere fo re , the  s tru c tu re  of th is  hydrocarbon a 3 -(l-naph thy l)- 
l:2 -5 :6 -d ibenzpery lene  (LVIII) w as assum ed .
V  V CO
u v  in
If th is  p red ic tion  w ere  tru e , an alum inium  ch lo ride  - sodium  chloride 
m elt of TiVTTT should yield  the g reen  hydrocarbon 7:8-15:16-dibenz- 
te r ry le n e  (LIV)* T h is w as in  fac t the case .
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Thus, the  cou rse  of the  reac tion  could be followed easily  by 
observation  of the  absorp tion  bands. The f i r s t  r in g -c lo su re  took 
p lace  in about 20 m inutes, yielding LVIII; the  final r in g -c lo su re  
to  LIV was com plete in  about two hours.
F ig . 11 g ives the f i r s t  p-bands of the s ta rtin g  m a te ria l (IX) fo r the 
syn thesis, the in te rm ed ia te  3 -(l-n ap h th y l)-l:2 -5 :6 -d ib en z te rry len e  
(LVin), and the  final product 7 :8 -15:16-dibenzterry lene (LIV). The 
p -bands of 1 :2-5 :6-dibenzperylene (XL) a re  given fo r com parison. 
R ecently  a  paper w as published(26) which d e sc rib e s  the reaction  
betw een 5 :12 -d ihydro -5 :5 :6 :ll:12 :12 -hexach lo ro te traeene  (LIX) and 
naphthalene in  benzene solution, using  alum inium  chloride a s  
condensation-cata lyst. As m ain  p roducts a  blue and a  g reen  hydro­
carbon  resu lted . The blue hydrocarbon w as l:2 -5 :6 -7 :8 -tr ib e n z - 
fluoranthene (XVlr page 19), and the  g reen  one probably  5:6-11:12- 
d i - ( l  :2 -naph thy lene)-te tracene  (LX):
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The significance of th is  reac tio n  is  that n e ither 1 :2 -5 :6-dibenzperylene 
(XV) nor 7 :8 -15 :16-d ibenzterry lene  (LIV) w as found as  reaction  product. 
It shows tha t naphthalene p re fe rs  to  re a c t in the l:2 -p o sitio n , and 
does so in the l:8 -p o s itio n  only when specia l conditions a re  provided.
The p -ab so rp tio n  in  the 71 te r ry le n e -s e r ie s "  (fig. 12)
Terphenyl (LXl), the low est m em ber of the 
L - 3  " te rry le n e s" , has, like  diphenyl, a  very
diffuse absorp tion  spectrum , due to out of 
p lain  d is to rtio n  of the benzene rings. As in 
the flp e ry len e- s e r ie s ” , addition of each 
v__ x \  benzene ring  g ives r i s e  to  a  sh ift in absorp tion
of 0 .5  of an annelletion unit. The m aleic
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anhydride adduct of 7 :8 -benzterry lene  (XXVII) has o rd e r  num ber 7 .0  
and is  thus to be considered  a  d ibenzterpheny l-derivative .
The m aleic  anhydride adduct of 7:8-15:16- 
d ibenz terry lene  LVII gives a  shift of 0 .5CO
^  \\ annellation  units, being thus re la ted  to a
trib en z te rp h en y l-d eriv a tiv e .
OO
v w
OO CO o o
' C r r  , = * '- 0  C .OO O'O 'OO
U Vll \f\ X  \V b. w/
T erry len e  (VI) h as o rd e r num ber 8.5.  Addition of one benzene ring  
g ives o rd e r  num ber 9, a s  verified  in XIV. The o rd e r  num ber of 
LIV is  h igher than  expected fo r two benzene rin g s  - 1 . 0  annellation 
unit - which should give 9 .5.  T his could a lso  be the effect of the 
dom inating te trac en e  system  in the m olecule, f i r s t  exhibited in 
l:2 -5 :6 -d ibenzpery lene  (page 32).
g:3-Benzorubicene
It w as expected tha t r in g -c lo su re  of 5:12-d ihydro - 5:12-diphenyl -  
te tra c e n e -5:12-dio l (LXII) (27) would lead  to  the  known hydrocarbon 
diphenylenrubene (IV, page 8) (6).
A chrom atograph  of the crude product (produced by an alum inium  
ch lo ride  -  sodium  ch lo ride  m elt of LXII) gave on developm ent the 
known hydrocarbons tetrahydrodibenzfluoran thene (LXin) and 
dibenzfluoranthene (III, page 8).
The hydrocarbons occu r a s  the f i r s t  step  in  r in g -c lo su re . The 
second phenyl group of LXII has been sp lit off, a  not unusual 
occurance in vigorous m elts .
F u rth e r  developm ent of the  chrom atogram  gave f ir s t ly  a  sm all 
am ount of red  hydrocarbon (LXtV) (with an absorp tion  spectrum  
not unlike that of rubicene (LXXI on page 42) (28) and secondly 
a  la rg e r  am ount of blue hydrocarbon (which had an absorp tion  
spec trum  slightly , but noticeably d ifferen t from  th a t of diphenylene-
L_ -V m
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rubene (IV, see  fig. 13). The m elting point of th is  new hydrocarbon 
w as, however, 215° low er than the m elting point of IV. Since 
repeated  chrom atography, re c ry s ta llisa tio n  and resublim ation  did 
not change the absorp tion  spectrum  n o r the m elting point of the  
new hydrocarbon it seem ed that an iso m er of IV had been form ed. 
The only feasib le  possib ility  was tha t, a f te r  one phenyl group in 
LXII had rin g -c lo se d  in  the  6-position  of te tracen e , yielding L X m  
a s  an in te rm ed ia te  product, the o ther group had rin g -c lo sed  to  the 
benzene ring  of te trac en e , not attached  by the f i r s t  r in g -c lo su re , 
th a t i s  the 1-position  of the  te trac en e  m olecule.
l/Otl
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T he thus form ed hydrocarbon w as then a  benzene homologue of 
rub leene, nam ely 2 :3-benzorubicene (LXV). The red  hydrocarbon 
w as accord ing  to  an a ly sis  a  te trah y d ro d e riv a tiv e . When i t  w as 
dehydrogenated over pallad ium  charcoal, 2 :3-benzorubicene (LXV)
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w as form ed. Thus the rub icene-like  spectrum  of LXIV supported
the  view that the blue hydrocarbon w as in  fac t 2:3~benzorubicene(fig. 14).
2:3-B enzorubicene (LXV) added m aleic  anhydride in boiling xylene, 
and on cooling and concentration  a  co lo u rless  p roduct c ry s ta llise d  
out. The disodio sa lt  of th is  p roduct had an absorp tion  spectrum  
ve ry  much like  4-phenylfluoranthene (LXVT) (29) with a  shift tow ards 
the  red , due to the  m ore  com plex s tru c tu re  of the m aleic  anhydride 
adduct -  LXVH (see fig. 15).
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The Synthesis of Rubicene and Iso -rub icene
Since the  rep o rted  spec trum  of is o - rub icene  (30) w as not com plete, 
and the rep o rted  syn thesis (31) had a s  i ts  final step a  r in g -c lo su re  
rea c tio n  c a rr ie d  out a t 300°, which m ight give r is e  to  rea rran g em en ts , 
new ro u tes  w ere investigated  to  synthesize iso -ru b icen e .
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1 .)  R ing -c losu re  of 9 :10-dihydro-9:lQ -diphenylanthracene-9:lQ -diol 
and of 4 -phenyl-2 :3 -benzfluoranthene
T rea tm en t of anthraquinone with phenyl m agnesium  brom ide gave 
9 :10-dihydro-9:10-d iphenylan thracene-9 :10-d io l in good yield (32).
W hen th is  diol LXVIII w as rin g -c lo sed  in  an alum inium  chloride - 
sodium  chloride m elt, sev era l hydrocarbons o ther than is o - rubicene 
w ere  form ed. As a f i r s t  reac tion  product (separa ted  by chrom atography) 
9 -phenylanthracene (LXIX) w as found. The second reac tion  product 
w as 2:3-benzfluoranthene (LXX). These two hydrocarbons orig inate  
from  LXVHI by sp litting  off one phenyl group.
A s a  m ain product, rubicene (LXXI) was form ed. A la s t  product w as 
a  ve ry  high m elting, very  insoluble hydrocarbon, the s tru c tu re  of 
w hich i s  s till  unknown. But, since th is  hydrocarbon was a lso  form ed 
in  an alum inium  chloride -  sodium  chloride m elt of rubicene itse lf , 
it  is  expected to be a tran sfo rm a tio n  product, probably by re a rra n g e ­
m ent a n d /o r  fu r th e r  condensation of rubicene.
-  43 -
L ike 5 :12-d ihydro-5 :12-d iphenylte tracene-5 :12-d io l (LXII on page 40) 
9 :10-dihydro-9:10-d iphenylan thracene-9 :10-d io l (LXVIII) did not ring- 
c lo se  to the sam e benzene ring  of the an thracene m olecule fo r both 
s tages , but rin g -c lo sed  in  the  second stage to the benzene ring  of 
an th racene, not a ttached  by the f i r s t  r in g -c lo su re .
T he sam e observation  w as m ade when 4 -phenyl-2:3«benzfluoranthene 
(LXII) w as tre a te d  in an alum inium  ch loride  - sodium  chloride m elt. 
H ere  too, rubicene (LXXI) and i ts  tran sfo rm atio n  product w ere  form ed 
in  good y ields, but no iso  -  rubicene:
p
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The 4-phenyl - 2 :3-b enzfluoranthene (LXXII), u sed  in the above reaction , 
w a s  thus f a r  not known. It w as  synthesized from  1-c h io ro -9:10- 
diphenylanthracene (LXXHI) (33) by boiling in  quinoline with po tassium  
hydroxide:
\_ v *  u\ V_ V V  l\
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The sp e c tra  of 2:3-benzfluoranthene (LXX), 4 -pheny l-2:3-benzfluor­
anthene (LXXII) and of 5 -chloro-4-phenyl-2 :3-benzfluoran thene (LXXVI, 
see  below) a re  rep o rted  in fig. 16. The close rela tionsh ip  of all 
th re e  compounds is  c lea rly  indicated.
2 .)  R ing -c lo su re  of l:5 -d ich lo ro-9 :10-d ipheny lan th racene  and of 
1:4 -d ich lo ro - 9:10-d iphenylanthracene
l:5 -d ich lo ro -9 :10 -d ipheny lan th raeene  (LXXIV) (33) rin g -c lo sed  easily  
w ith po tassium  hydroxide in quinoline to fo rm  rubicene (LXXI)in good 
y ie ld :-
When, how ever, 1 :4 -d ich lo ro - 9:10-diphenylanthracene (LXXV) (34) 
w as given the sam e trea tm en t, f i r s t ly  5 -chlor o-4~phenyl-< 
benzfluoran th racene  (LXXVI) w as form ed:
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F u r th e r  reaction  in po tassium  hydroxide and boiling quinoline gave 
only ta r r y  p roducts , which d isso lved  to  give yellow solutions in 
a lk a li. No iso -ru b icen e  w as form ed.
Now, in view of the above experim ents, the FEDOROV synthesis 
(31) of iso -rub icene  seem ed very  in te res tin g  and w as repeated . In 
fac t, a  v e ry  sm all am ount of i s o - rubicene (LXXVH) w as obtained, 
though a lso  in th is  syn thesis the  m ain product w as 5 -  chi or o- 4 -phenyl - 
2 :3 -benzfluoranthene (LXXVI):
L  V X  V II
FEDOROV syn thesis
In  fig. 17 the absorp tion  sp e c tra  of rub icene and iso -ru b icen e  a re  
com pared. T here  a r e  som e s im ila r it ie s  in the  two sp e c tra , but the 
r  elationship i s  not a s  d o s e , how ever, a s  betw een diphenylenerubene 
and 2 :3-benzorubicene (fig. 14).
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E x p e r i m e n t a l  
The syn theses of p e r i-a ry lte tra c e n e  d eriva tives:
T etracen e  -5 :12- quinone (34)
1 m ole of finely pow dered te trac en e  (228 g . ) w as boiled with g lacial 
ace tic  acid  (1000 m l.) , and 3 m oles of chrom ium  triox ide (300 g .) 
d isso lved  in 300 m l. of w a ter, w ere  added dropw ise. The solution 
tu rn ed  g reen  and the te tra c e n e  gradually  dissolved. When the 
reac tio n  w as com plete, the  m ix tu re  w as allowed to  cool down and 
the  p rec ip ita ted  quinone f ilte re d  by suction, washed with cold g lacial 
a ce tic  ac id  and then with w ater. Y ield 230 g. = 90 % of th eo re tica l, 
m .p . 285°.
T e tra c e n e -5 -one (35)
T etracene-5 :12-quinone (9 g . ) w as reduced with g lacia l ace tic  acid 
(200 m l . ) and tin  (15 g . ). A fter 2 hours of refluxing the solution was 
decanted fro m  re s id u es  of tin  and mixed with 22 m l. of concentrated 
hydroch lo ric  acid . P a le  yellow  need les of te tra c e n e -5 -one c ry sta llized  
out a f te r  cooling. Y ield 7 g. = 82 % of th eo re tica l, m .p . 194°.
5- (1 -naphthy l)-te tracene (VII)
A solution of lithium -naphthyl in e th e r was p rep a red  from  lith ium  
(1.08 g .) , 1-brom onaphthalene (12.4 g . ) and dry  e ther (150 m l.)  
by refluxing under a n itrogen  a tm osphere . A fter the reaction  had 
fin ished  (2 hours) 100 m l. of e ther w ere destilled  off and then 
100 m l. of d ry  benzene added. A p as te  of 4 .88  g. te tra c e n e -5-one in 
benzene w as added slowly w ith s t ir r in g  to  the  b en zen e /e th e r solution 
of lith ium -naphthyl. The reac tio n  proceeded with gradually  changing
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colour from  pale  brown to  red . A fter refluxing fo r 1 hour the 
reac tio n  m ix tu re  w as decom posed with ice -co ld  dilute (50 %) 
a ce tic  acid  and s team  d is tilled  to  rem ove benzene and e ther.
The res id u e  (4 g . ) was filte re d  off and d isso lved  in d ry  benzene, 
and chrom atographed on alum ina. T his y ielded 2 .3  g. of 
o range-yellow  need les which (after rec ry s ta lliz a tio n  from  
benzene) m elted  a t 204°. and d isso lved  in concentrated  sulphuric 
acid  giving a  g reen  solution.
Found: C, 94.8; H, 5 .4 ; calcu lated  fo r C, 95.0; H, 5 .0  %.
(1-naphthyl)
5:12 - dihydr o- 5:12- di-1 et r  ac ene - 5:12 - di ol
A solution of 1-brom onaphthalene (16. 56 g . , 4 m oles) in 50 m l. of 
d ry  e th e r was added dropw ise and with s t ir r in g  to  a  suspension of 
1. 4 g. lith ium  (2 equivalents) in 100 m l. of d ry  e th e r under a 
n itrogen  a tm osphere . A fter 1 1 /2  hours the reaction  was com plete 
and the e th er-so lu tio n  coloured deep v io le t. The solution was 
refluxed  fo r ano ther 1 /2  hour, 100 m l. of the  e th er-so lv en t was 
d is tilled  off and then 100 m l. of d ry  benzene added. To th is  benzene 
solution of lithium -naphthyl w ere added with s t ir r in g  5 .16 g.
(2 m oles) of finely  pow dered te tra c e n e -5 :12-quinone in sm all 
p o rtio n s . A fter each addition the  solution refluxed vigorously.
The reac tio n  w as com pleted by ano ther 2 hours refluxing and 
s t ir r in g . The now b ro w n ish -red  coloured solution w as decom posed 
by pouring it into d ilu te ace tic  acid  and ice (1000 m l . ). The whole 
solution was then filte re d  and the residue  w ashed severa l tim es 
with hot benzene. The diol rem ained  a s  a  co lou rless  residue, 
m .p . 236 - 239°. Y ield 8 g. = 80 % of th eo re tica l. C rysta lliza tion  
fro m  xylene gave co lo u rless  need les, m .p . 242 (decom p.).
Found: C, 88.8; H, 5 .4  %. £ 3 3 ^ 2 6 ^ 2  re q u ire s  C, 88 .7 , H, 5 .1  %. 
The diol gave a  deep g reen  solution in concen tra ted  sulphuric acid.
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5:12 -d i-(1 -naph thy l)-te tracene  (VIII)
The diol p rep a red  above (5.1 g .)  w as refluxed fo r 1 hour with 
po tassium  iodide (10 g . ) and g lacia l ace tic  acid  (100 m l.) . The 
yellow  reac tio n  product c ry s ta lliz ed  out slowly during the reaction , 
and on fu r th e r  cooling, 4 .3  g. (90 % of theo re tica l) of the product 
w ere  obtained, which w ere f ilte re d  off and sublim ed in vacuo, then 
re c ry s ta lliz e d  from  xylene, m .p . 291°.
Found: C, 94.8; H, 5 .2 . re q u ire s  C, 95.0, H, 5.0 %.
5 :12-d ihydro -5 :5 :6 :ll:12 :12 -hexach lo ro te tracene  (LIX)
T etracen e  (23 g . ), d ichlorobenzene (220 m l .) and sulfuryl chloride 
(73 g . ) w ere  heated together fo r 5 hours a t 100°. The reaction  
p roceeded  with evolution of hydrogen chloride and with colour-change 
fro m  orange to red  and la te r  again to co lou rless. A fter cooling, the 
c rude  product w as f ilte re d  off and washed with xylene. Y ield 35 g.
*  80 % of th eo re tica l, m .p . 248 - 249° (decom p.).
6 :ll-d ich lo ro te tracen e-5 :1 2 -q u in o n e
D ihydrohexachlorotetracene (20 g . ) w as added in sm all portions to 
concen tra ted  sulphuric acid  (100 m l . ). The colour of the resu lting  
solution changed from  red  to  deep violet, and hydrogen chloride 
w as evolved. A fter a ll the d ihydrohexachloro tetracene w as added, 
the  m ix tu re  w as s t i r r e d  fo r  two hours and then decom posed by 
pouring into ice . The yellow quinone p rec ip ita ted  out and was 
re c ry s ta lliz e d  from  xylene. Yellow need les, m .p . 250°.
Y ield  9 g. -  60 % of th eo re tica l.
6 :ll-d ich lo ro -5 :1 2 -d i-(l-n ap h th y l)-te tracen e  (IX)
A  solution of naphthyl m agnesium  brom ide in  e th e r  was p rep ared  
fro m  1-brom onaphthalene (8 g . ), m agnesium  (1 g . ) and e ther (50 m l . ); 
the  e th e r  w as rem oved by d istilla tion  and rep laced  by 100 m l. of
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d ry  benzene. 6 : ll-d ic h lo ro te tra c e n e -5 :12-quinone (3.2 g . ) w as
added in  p o rtio n s . The reaction  proceeded with fro thing and was
com pleted by a  fu rth e r  3 hours* boiling. The brow n-yellow  reaction
product w as decom posed with ice  cold dilu te ace tic  acid  (250 m l. 1:1),
and the p rec ip ita te  f ilte re d  off and washed with hot w ater. To rem ove
unchanged quinone, the res id u e  w as ex trac ted  th re e  tim es with a
solution (10 % in w ater) of sodium  hydrosulphite. The rem aining
crude m a te ria l (6 : l l -d ic l i l  or o -5 :12 -d ihydro -5 :12-d i-(1-naphthy l)-
te tracen e -5 :1 2 -d io l) (3 .5  g . ) was refluxed fo r one hour with g lacial
a ce tic  acid  (100 m l . ) and po tassium  iodide (3. 5 g . ). A red  reaction
product c ry s ta lliz ed  out slowly during the reac tio n  and, on cooling
the  solution, 3 g. of a  b rig h t red  m a te ria l w ere  f ilte re d  off, washed,
d ried , and re c ry s ta lliz e d  fro m  pe tro leum  e th e r ( b .p . , 100 - 120°).
Red need les, m .p . 200 - 205°. It d isso lved  in  benzene to  give a
pink solution with g reen  fluo rescence , and in  concentrated  sulphuric 
to
acid  give a  g reen  solution.
Found: C l, 13 .3 . re q u ire s  12, 9 % Cl.
The syn theses of 1 :2 -5 :6-dibenzperylene and 1 :2 -5 :6 -7 :8 -trib en z - 
fluoranthene:____________________________________________________
1 :2 -5:6-d ibenzpery lene (XV)
5-(1 -naph thy l)-te tracene  (VII) ( 4 .g .) w as added to  a  sodium  chloride - 
alum inium  chloride m elt (8 g. -  40 g . ) a t 130°. T his tem p era tu re  
w as re ta ined , w hilst s t ir r in g , fo r 15 m inutes. The deep g reen  m elt 
w as decom posed by pouring into d ilu te hydrochloric  acid  (1:2) and 
subsequent boiling and filtra tio n . The residue  was washed well with 
w a te r and then  w ith dilute am m onia ( 5 %). The d ried  res id u e  w as 
d isso lved  in benzene and chrom atographed on alum ina, p rev iously  
activa ted  a t 400° fo r two h ou rs, deactivated  w ith m ethanol and 
again  activa ted  in vacuo a t 300° under carbon  dioxide. The chrom ato-
g ram  w as washed with petro leum  e th er (b. p. 40 - 60°) and then
with benzene. A f i r s t  co lo u rless  solution (blue fluorescence) was
d iscarded , a s  w as a  second yellow solution (green fluorescence).
The m ain frac tio n  (a deep violet solution) followed and the la s t
frac tio n  w as wine red . The violet solution yielded on concentration
red d ish -v io le t c ry s ta ls  (300 m g .) which, a fte r  sublim ation a t 300°
-4and 10 m m . p re s su re , and re c ry s ta lliz a tio n  fro m  xylene had a 
m elting  point of 238°, and d isso lved  in concentrated  sulphuric 
acid  to  give a  solution at f i r s t  yellow, then em erald  green . The 
solution in benzene w as blue w ith red  fluo rescence . The substance 
w a s  very  sen sitiv e  to  photo-oxidation and the  g re a te s t c a re  was 
taken  during  the p rep a ra tio n  to exclude strong light.
Found: C, 95.0; H, 4 .8 . CggH^g re q u ire s  C, 95.4; H, 4 .6 % .
M aleic anhydride adduct of l:2 -5 :6 -d ibenzpery lene  (XXX)
The hydrocarbon (50 m g .) and m aleic  anhydride (50 m g .) w ere  refluxed 
in  xylene (20 m l . ) fo r  15 m inutes. The solution becam e a lm ost co lour­
le s s  and the  adduct c ry s ta llized , a f te r  cooling, in  co lo u rle ss  needles, 
which decom posed above 250° yielding the  violet hydrocarbon again, 
and m aleic  anhydride.
Found: C, 84.9; H, 4 .2 . ^ 3 2 ^ 1 8 ^ 3  re(Iu ire s  C, 85.3; H, 4 .0  %.
1:2-  5: 6 -  7:8 -tr ib  enzfluoranthene (XVI)
5 - (l^naph thy l)-te tracene  (VII) (4 g . ) w as added to  a  m elt of sodium  
ch loride  - alum inium  chloride (8 g. - 40 g . ) a t 110°, and the m elt 
held a t th is  tem p era tu re  fo r 7 m inutes. The m elt was decom posed 
w ith d ilute hydrochloric  acid  (1:2) and worked up as  usual (see above). 
The m ain  frac tio n  of the  chrom atogram  yielded a fte r  concentration  
long b lue need les (450 m g .) of tribenzfiuoran thene, which, a fte r  
sublim ation a t  10~^ m m . p re s s u re  and 300° and rec ry s ta lliza tio n  
fro m  xylene m elted  a t 298°. It d isso lved  in concentrated sulphuric
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acid  to  give a  yellow  solution, changing slowly to deep green . The 
solution in  benzene w as re d  with orange fluorescence  and again 
v e ry  sensitive  to light.
Found: C, 95.3; H, 4 .7 . CggH^g re q u ire s  C, 95.4; H, 4 .6 % .
M aleic anhydride adduct of 1 :2 -5 :6 -7 :8 -tribenzfluo ran thene(XXXII o r XXXIV)
T ribenzfluoran thene (50 m g .) and m aleic  anhydride (50 m g .) w ere 
refluxed  in xylene (10 m l.)  fo r 15 m inutes. The solution decolourized 
and yielded, a fte r  cooling, co lo u rle ss  need les, which decom posed 
above 250°, yielding the p a ren t hydrocarbon and m aleic  anhydride 
again .
Found: G, 84.4; H, 4 .3 . CggH^gOg re q u ire s  C, 85.3; H, 4 .0  %.
The syn thesis of 1 :2-8 :9-d ibenzanthrene:
112-8:9-d ibenzan th rone-11 - carboxylic acid
1:1’-b inaph thy l-8:8’-d icarboxy lic  acid  (5 g . ) and z inc  ch loride  (10 g . ) 
w e re  refluxed fo r 5 hours in g lac ia l ace tic  acid  (150 m l.)  The in itia lly  
yellow  solu tion  gradually  changed to  b row n-red . A fter cooling the 
solution w as f ilte re d  and the red  res id u e  (anthanthrone) thoroughly 
w ashed with w arm  dilu te  (15 %) ace tic  acid . F il tra te  and w ash -liquo rs 
w ere  united and diluted with w ater til l  no m ore  acid w as p rec ip ita ted . 
The yellow d ibenzanthrone-carboxylic  acid  w as f ilte re d  off, washed 
w ith  hot w ater and dried , yielding 3. 5 g. of crude m a te ria l, 
m .p . 275 -  278°.
1 :2- 8:9-dibenzanthrone (XL)
5 g. of the acid  p rep a red  above w ere  refluxed  with copper-pow der 
(2 .5  g . ) in quinoline (30 m l .) fo r 10 hou rs. A fte r cooling the liquid 
w as poured  into dilu te hydrochloric  acid  and the  p rec ip ita te  f ilte re d  
off, d ried  and sublim ed in  vacuo. The dibenzanthrone sublim ed in
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long yellow need les ( 4  g . ; % of theo re tica l) which m elted  at
185° and d isso lved  in concentrated  sulphuric  acid  to give a brow n- 
re d  solution.
11:12 -trim ethy lene te traphene  (XLI)
D ibenzanthrone (XL) (3 g . ), zinc dust (12 g . ), and po tassium  hydroxide 
(12 g .)  w ere  refluxed fo r  12 hours in alcohol (25 m l.)  and w ater (75 m l.) . 
The brow n solution w as f ilte re d  while hot into concentrated  hydro­
ch lo ric  acid  (300 m l.) . Yellow flakes p rec ip ita ted , which w ere  filte red
—4 ooff (500 m g .) and sublim ed under 10 m m . p re s s u re  a t 350 . A
yellow oil w as yielded, which, a f te r  solution in p e tro leu m -e th e r
(b .p . 60 - 80°) was chrom atographed on alum ina. A co lo u rless
solution w ith blue fluo rescence  w as obtained, from  which silky
n eed les  c ry s ta lliz ed  a fte r  concentration (78 m g .) , m .p . 136 - 137°.
C olour in  concentrated  sulphuric  acid: b rig h t red .
Found: C, 94.1; H, 5 .8 . re q u ire s  C, 94.0; H, 6 .0 % .
M ixed m elting point with 8 :9 -trim ethy lene-3 :4-benzphenanthrene:
115 -  120°.
8 :9 -tr im  ethyl ene-3:4-benzphenanthrene (XLII)
D ibenzanthrone (XL) (4 g . ), re d  phosphorus (4 g . ), hydroiodic acid 
(40 m l. of 55 % solution)^ and xylene (50 m l . ) w ere refluxed for 
48 h o u rs . A fter cooling the  xylene lay e r w as separa ted  off, washed 
se v e ra l tim es with w ater, then  with d ilu te  sodium  carbonate solution 
(10 % in  w ater) and sodium  b isu lfite  solution (10 % in w ater), to 
rem ove acid  and f re e  iodine. C hrom atography on alum inia (p repared  
a s  above) with p e tro leum  e ther (b. p. 60 -  80°) y ielded a  co lou rless 
(blue fluorescen t) so lu tion , which, on concentration, gave light 
yellow ish cry  s ta lls  (2.3 g . ; 60 % of th eo re tica l). T hese, on r e -  
c ry s ta lliz a tio n  fro m  pe tro leum  e ther (b .p . 60 -  80°), w ere a lm ost 
co lo u rless  and m elted  a t 139°. They gave a  yellow solution in  con­
cen tra ted  sulphuric acid.
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Found: C, 94.1; H, 6 .0 . C alculated fo r  C, 94.0;
H, 6 .0 % .
nZine dust m e lt” of 1:2 - 8:9-d ibenzanthrone
D ibenzanthrone (XL) (2 g . ) and zinc dust (4 g . ) w ere  m o rta red
thoroughly. A m ix ture  of sodium  chloride  (4 g . ) and zinc chloride
(20 g . ) w as added. The whole m ix tu re  w as heated to 300° over
15 m inutes with s tir r in g . The m elt becam e red  and separa ted  into
two la y e rs . A fter fu r th e r  5 m inutes a t 300° it w as allowed to cool
and then  decom posed with dilu te ace tic  acid  (250 m l .). The residue
w as washed, d isso lved  in benzene, the  solution d ried  with calcium
chloride, and chrom atographed on alum ina, using  pe tro leum  ether
(b .p . 60 -  80°) a s  eluant. As f irs tf ra c tio n  8:9 -tr im e th y len e -3 :4-
benzphenantrene (XLII) (150 m g.) w as obtained, and a s  second
frac tio n  ll:1 2 -tr im e th y len e te trap h en e  (XLI) (65 m g .).
The trim ethy lene  d e riv a tiv es  could not be dehydrogenated by sub-
o —2lim ation  through 10 % pa llad ium -charcoa l a t 300 -  350 and 10 m m . 
p re s s u re  in  a s tre a m  of carbon dioxide.
l:2 -8 :9 -d ib en zan th ren e  (XXXI)
A solution of l:2 -8 :9 -d ibenzan th rone  (XL) (12 g . ) in iso -p ropano le  
(200 m l.)  containing a lum in ium -iso -propoxide (5 g . ) was refluxed 
fo r  24 hours. 150 m l. of the solvent, which contained acetone 
(generated  during the  course  of the reaction) w ere  then d istilled  off. 
Renewed boiling fo r 24 ho u rs  followed, a fte r  addition of fu r th e r  5 g. 
of alum inium  iso-propoxide and 100 m l. of iso -propanol. Finally , 
the  solution w as concentrated  to  100 m l. and decom posed with 
d ilu te  su lphuric  acid  (250 m l. 1:3), yielding a  brown, gummy res id u e , 
w hich w as washed with hot w a ter, d isso lved  in  benzene, and the 
benzene solution d ried  with calcium  chloride. Chrom atography on 
alum ina with pe tro leum  e th e r (b .p . 60 -  80°) yielded a  co lou rless 
solution (with blue fluorescence) from  which on concentration
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yellow ish dibenzanthrene c ry s ta lliz ed  out (80 % of th eo re tica l,. 9 g . ) 
Re chrom atography on alum ina gave co lo u rless , long p la tes . 
m .p . 89 .5  -  90 .5° . Colour in concentrated  su lphuric  acid , orange, 
with pink fluo rescence .
Found: C, 94.6; H, 5 .3 . re q u ire s  C, 94. 7; H, 5 .3  %c
The syn thesis of 7 :8 -15 :16-d ibenzterry lene:
d ib enz te rry lene  (LIV) by an alum inium  chloride - sodium  chloride m elt 
of 5 :1 2 -d ihyd ro -5 :12 -d i-(l-naph thy l)-te tracene-5 :12 -d io l (Lilt)________
5 g. of 5 :12-d ihydro~ 5 :12 -d i-(l-naph thy l)-te tracene-5 :12 -d io l (prepa­
ra tion , page 47) w ere  added to  a  m elt of sodium  chloride (10 g . ) and 
alum inium  chloride (50 g . ) and heated to  120° w ith s tir r in g . The 
in itia l deep g reen  of the  m elt changed to deep v io le t-b lue . A fter 10 
m inutes the m elt w as poured into d ilu te hydrochloric  acid  (1:3), 
bo iled  and filte re d . The res id u e  w as washed with hot w ater, then
dilu te  (10 %) am m onia solution, and the resu lting  deep g reen  substance
-4(2 g . ) sublim ed a t 10 m m . p re s su re  in a  s tre a m  of carbon dioxide.
T his yielded 500 mg. deep g reen  needles, which w ere d isso lved  in 
xylene and chrom atographed on alum ina. A blue fo rerun , on concentration, 
y ielded a  sm all amount of blue need les which gave an  blue solution 
in  concentrated  sulphuric acid  (absorption bands a t 6480, 5890, and 
5500 A). T his is  p resum ably  l ,:2 t :3f:4!- te tra h y d ro -7:8-15:16- 
d ibenz te rry lene  (LV), A fter the fo reru n  the 7 :8-15:16~dibenzterrylene 
cam e off the  chrom atogram  and, a fte r  repeated  c ry s ta lliza tio n  from  
xylene, followed by sublim ation, gave 350 mg. of deep green  needles, 
m .p .  460°, which d isso lved  in  xylene to give a  g reen  solution with 
re d  fluo rescence . D ibenrierrylene d isso lved  in  concentrated  sulphuric 
a c id  to  give a  blue solution with red  fluo rescence .
Found: C, 95.5; Hr 4 .2 , re q u ire s ; C, 95.8; H ,4 .2 %
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D ibenzterry lene  by ringc lo su re  with po tassium  hydroxide of 
6 :11 -d i chi o ro - 5:12 - di - (1 - naphthyl) - t  e t racene  (IX)
Diehl or odinaphthyltetracene (IX) (3 g . ) was refluxed with potassium  
hydroxide (3 g .)  in  50 m l. of quinoline. The in itia l deep re d  colour 
of the solution changed a fte r 15 m inutes to  b lu e /  and a fte r  a  fu rth e r 
30 m inutes to g reen . A fter 2 hours* boiling, the  quinoline lay e r  was 
poured  into 250 m l. of dilu te hydroch loric  acid  (1:1). The p rec ip ita ted  
m a te ria l w as f ilte re d  off, washed with m ethanol (500 m l.) , then with 
benzene (200 m l.)  t il l  the m other liquor w as a lm ost co lou rless. The 
rem ain ing  g reen  hydrocarbon w as re c ry s ta lliz e d  from  tr ic h lo ro -  
benzene. It w as identical in m elting point, absorp tion  spectrum , and 
colour in concentra ted  su lphuric  acid  with the hydrocarbon p rep a red  
accord ing  to  above.
M aleic anhydrice adduct of 7 :8 -15 :16-d ibenzterry lene  (LVI)
The hydrocarbon (50 m g .) and m aleic  anhydride (50 m g .) w ere 
refluxed  in xylene (20 m l . ) fo r  5 m inu tes. The solution becam e yellow 
and the adduct c ry s ta lliz ed  in yellow  need les (decomp, above 200° to 
th e  g reen  hydrocarbon and m aleic  anhydride).
Found: C, 87.9; H, 4 .6 . C42H22°3  re q u ire s  C, 87.8; H, 3 .8 % .
1:2-5:6-dibenz>-3-(1 -naphthy l)-pery lene (LVIII)
5 il2 -d ic h lo ro -6:1 l-d i-( l-n a p h th y l)- te tra c e n e  (IX) (2 g . ), potassium  
hydroxide (2 g . ), and quinoline (30 m l .) w ere  refluxed  for 30 m inutes 
and worked up a s  above. The p rec ip ita ted  m a te ria l was chrom atographed 
on alum ina, u sing  pe tro leum  e ther (100 - 110°) a s  solvent. A fter a  
f i r s t  re d  frac tio n  (s ta rtin g  m ateria l) a  blue frac tion  came out which 
y ielded  on concentration  blue c ry s ta ls , m .p . 215 - 220°. Colour in 
concen tra ted  su lphuric  acid, green .
Found: C, 95„1; H, 4 .2 .  C g g H ^ re q u ire s : C, 95.5; H, 4 .5 % .
An alum inium chloride -  sodium  chloride m elt of th is  hydrocarbon
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yielded 7:8-15:16 -d ibenzterry lene  (LIV), th is  being proved by
com parison  of i ts  m elting point, colour in concentrated sulphuric 
acid , and absorp tion  spectrum  with those  of the  o rig inal m ate ria l.
The syn thesis of 2 :3-benzorubicene:
5 :12 -d ihydro -5:12-d ipheny lte tracene-5:12-diol (LXII)
A solution of phenyl-lith ium  in  e th e r w as p rep a red  from  brom obenzene 
(25.2 g . ), lith ium  (1. 2 g . ) and d ry  e ther (50 m l . ). The ether was 
rem oved by d is tilla tio n  and rep laced  by 100 m l0 of d ry  benzene. 
T etracene-qu inone (10.1 g .)  was added in po rtions. The reaction  
proceeded  with frothing, and w as com pleted by a  fu rth e r  3 hou rs1 
boiling. The brown reaction  product was decom posed with dilute 
ace tic  acid , the  benzene la y e r  decanted off and d ried  with calcium  
ch lo ride . On concentration  the  diol c ry s ta lliz ed  out and w as purified  
by repeated  c ry s ta lliz a tio n  fro m  p e tro l e ther (b .p . 60 - 80°). 
m .p . 252°; co lour in concentrated  sulphuric acid, green .
A lum inium  chloride m elt of 5 :12-dihydro-5 :12-d iphenylte tracene- 
5:12-d io l (LXII)________________________________________________
T he diol (5 g . ) w as added to a  m elt of 10 g. sodium  chloride and 
50 g. alum inium  chloride at 120° and the m elt held at th is  tem p era tu re  
with s t ir r in g  fo r 5 m inutes. The deeply coloured m elt was 
decom posed by pouring in to  dilute hydrochloric  acid  (500 m l. 1:2), 
f ilte re d , washed with hot w ater (500 m l .) and then with dilute 
am m onia (500 m l., 10 %) and then d ried . 4 g. of black condensation 
product w ere  obtained which w ere chrom atographed on alum ina, 
s ta rtin g  w ith petro leum  e th e r (b .p . 60 - 80°) a s  eluant and p ro g ress in g  
to  benzene. The fo reru n  w as d iscarded  and the  following m ain frac tio n s  
w ere  obtained successively :
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11:2f :3! :4* - te tra h y d ro -1:2- 5:6-dibenzflouranthene (LXIII) (petroleum  
e th e r with 10 % benzene a s  eluant)
A f i r s t  m ain frac tio n  w as yellow and gave on concentra tion  yellow 
need les , m .p . 150° a fte r  rec ry s ta lliz a tio n . Y ield: 120 mg. No 
d ep ress io n  w as ob serv ered  in a  determ ination  of m elting point on 
adm ix ture  with an authentic specim en.
1 :2- 5:6-dibenzfLuoranthene (III) (petroleum  e ther with 25 % benzene 
a s  eluant)
E vaporation of a second red  frac tio n  yielded re d  needles, which w ere 
pu rified  by rec ry s ta lliz a tio n  from  xylene. Yield: 25 mg. I ts  m elting 
point (215°) w as not d ep ressed  on adm ixture  with an authentic 
specim en, and i ts  absorp tion  spectrum  w as identical w ith tha t of an 
au thentic  specim en.
1 *12* :3f :4! - te tra h y d ro -2:3-benzorubicene (LXTV) ( petro leum  e ther with 
50 % benzene a s  eluant)
A th ird  re d  frac tio n  yielded, a fte r  the usual pu rification  m ethods, 
redd ish -b row n need les, m .p . 182°. Yield: 85 mg. T hese dissolved 
in  concentra ted  sulphuric acid  to give an orange solution, changing on 
standing to  green .
Found: C, 95.0; H, 5 .1 . CggHgQ re q u ire s  C, 94.7; H, 5 .3 % .
2 :3-benzorubicene (LXV) (petroleum  e th e r with 90 % benzene a s  
eluant)
The fourth, m ain frac tio n  was violet; on concentration blue needles 
w ere  obtained, m .p . 250°. Yield: 450 mg. Its  solution in  benzene w as 
blue with a  deep red  fluo rescence , and i ts  solution in  concentrated 
su lphuric  acid, deep green .
Found: C, 95.4; H, 4 .4 . C^qH ^  re q u ire s  C, 95.7; H, 4 .3  %.
M aleic anhydride adduct of 2:3-benzorubicene (LXVII)
B enzorubicene (20 m g .) and m aleic  anhydride (20 m g .) w ere refluxed 
fo r  30 m inutes in  20 m l. of xylene. The solution becam e yellow and on
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concentra tion  the m ale ic  anhydride adduct c ry sta llized  out. It 
decom posed above 300° into the orig inal hydrocarbon and m aleic 
anhydride.
Found: C, 85.2; H, 4 .6 . re q u ire s  C, 86.0; H, 3 .8 % .
Syntheses of Rubicene and Iso rub icene:
9:10 -d ihydro -9:10-d iphenylanthracene-9:10-dio l (LXVIII)
A solution of phenyl m agnesium  brom ide in e th er w as p rep a red  fro m  
brom obenzene (62.8 g . ), m agnesium  (9. 6 g„), and d ry  e ther (250 m l . ). 
A fter the  e th e r w as rem oved by d istilla tion  and rep laced  by 250 m l. of 
d ry  benzene 9:10-anthraquinone (20.8 g . ) w as added in sm all portions. 
The reac tio n  p roceeded  with frothing, and w as com pleted by a fu rth e r  
5 h o u rs1 boiling. The yellow reac tio n  product w as decom posed with 
500 m l. of aque-ous am m onium  chloride solution (10 %), steam  
d is tilled , and the res id u e  ex trac ted  with an aqueous sodium  hydro­
su lfite  solution (10 %), t i l l  the  unchanged anthraquinone w as com pletely 
rem oved . The rem aining , a lm ost co lo u rless  diol was re c ry s ta lliz e d  
from  xylene. C o lou rless needles, m . p. 261°.
A lum inium  chloride m elt of 9:10-d ihydro- 9:10-diphenylanthracene- 
9 ;10-diol (LXVm)______________________
The diol (5 g .) was added to  a sodium  chloride -  alum inium  chloride 
m elt (10 g. - 50 g . ) a t 120° and the m elt helc^this tem p era tu re , with 
s tir r in g , fo r  10 m inutes. The deep re d  coloured m elt w as decom posed 
by  pouring  into ice -co ld  d ilu te hydrochloric  acid  (500 m l. 1:2), 
f ilte re d , and the res id u e  w ashed with hot w ater and d ried . 3. 5 g. of 
brow n condensation product w ere  obtained, which w as chrom atographed 
on alum ina, s ta rtin g  w ith pe tro leum  e th e r (b. p. 60 -  80°) a s  eluant 
and p ro g ress in g  to  benzene. The fo re ru n  w as d iscarded  and th en -a fte r  
the  following m ain frac tio n s w ere obtained successively :
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9 -phenylanthr acene (LXIX) (100 % petro leum  ether a s  eluant)
A f i r s t  frac tio n  w as co lou rless with blue fluorescence  and gave on 
concentra tion  co lo u rless  p la tes , m .p . 154°. Yield: 75 mg. I ts  
absorp tion  spectrum  w as identical with the rep o rted  spectrum  of 
9 -phenylanthr ac ene .
%Q -benzfluoranthene (LXX) (100 % petro leum  e th e r a s  eluant)
A second frac tio n  w as yellow  (green  fluorescence) and on concentration, 
o range yellow  needles (15 m g.) w ere  obtained with m .p . 143 - 145°, 
which d isso lved  to  give a  violet solution in  concentrated  sulphuric 
acid . The absorp tion  spectrum  was iden tical with that of an authentic 
specim en of 2 : 3-benzfluoranthene.
Rubicene (LXXI) (petroleum  e th e r with 20 % benzene a s  eluant)
A th ird  orange frac tio n  yielded on concentration long b righ t red  
n eed les  (50 m g .), m .p . 303°, which disso lved  to give a  re d d ish -  
brow n solution in  hot concentra ted  sulphuric  acid . T here  w as no 
d ep re ss io n  observed in  m elting point on adm ix ture  with an authentic 
specim en  of rubicene.
Found: C, 95.5; H, 4 .5 . C alculated fo r  ^26^14,
T ransfo rm ation  p roduct of rubicene
W hen the  alum ina of the  above chrom atig ram  was ex tracted  with 
trich lo robenzene , a  deep violet, a lm ost black hydrocarbon w as 
obtained (60 m g .) on concentration, which did not m elt below 450°.
I ts  solution in trich lorobenzene was deep v io le t. It did not d isso lve 
in  cold concentrated  su lphuric  acid, in w arm  acid  a redd ish  colour 
w as observed. No addition p roduct w as form ed on fusion with 
m ale ic  anhydride.
Found: C, 95.7; H, 4 .0 . re q u ire s  C, 95.7; H, 4 .3 % .
0 :lO -d lpheny l-9 :lO -d ihydro -l-ch lo ro -an th racene-9 :lO -d io l
A G rignard  solution was p rep a red  from  31 .4  g. of brom obenzene and
4. 8 g. of m agnesium  in  100 m l. of d ry  e ther. The e ther was d istilled
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off and rep laced  by benzene (2 0 0  m l . ). 1 -chloroanthraquinone 
(12.1 g . ) was added to th is  solution in  sm all po rtions. A fter the 
in itia l reac tio n  had subsided the solution w as boiled fo r a  fu rth e r 
3 hours and worked up a s  usual. The unchanged s ta rtin g  m a te ria l 
w as rem oved by ex tracting  with aqueous sodium hydrosulphit 
solution (10 %). The crude diol w as re c ry s ta lliz e d  tw ice from  
alcohol. C o lou rless need les w ere  obtained, m .p . 134°, which 
gave a  yellow solution in  concentra ted  su lphuric  acid .
9:10 -diphenyl -1  -  chi or oanthr a  cene
6 g . of the above p rep a red  diol, 6 g. of hydroiodic acid  (55 %) and 
100 m l. of gLacial a ce tic  acid  w ere  boiled together fo r  30 m inutes.
On concentration  fain tly  yellow  need les c ry s ta llized  out, which 
m elted  a t 182° and d isso lved  g reen  in  concentrated  sulphuric  acid .
Found: Cl, 9. 7. C ggH ^C l re q u ire s  Cl, 9. 7 %,
4 -pheny l-2 :3-benzofluoranthene (LXXII)
9 il0 -d ip h en y l-l-ch lo ro an th racen e  (3 g . ), po tassium  hydroxide (3 g . ), 
and quinoline (20 m l.)  w ere  boiled together fo r 30 m inutes. A fter 
cooling the quinoline la y e r  w as decom posed by pouring into dilu te 
hydroch lo ric  acid  (100 m l . , 1:1). The p rec ip ita te  was filte re d  off, 
w ashed w ith  hot w a te r and d ried . On rec ry s ta lliz a tio n  from  alcohol 
yellow  lea fle ts  w ere  obtained, m. p . 185 -  186°, which gave a g reen  
solution in concentrated  sulphuric  acid. Y ield: 2 .2  g.
Found: C, 94.8; H, 5 .1 . C2 0 H^g re q u ire s  C, 95.1; H, 4 .8 % .
A lum inium  chloride -  sodium  chloride  m elt of 4-phenyl-2:3-benzfluoranthene 
(LXXII)
The hydrocarbon (5 g . ) w as added to  a  sodium  chloride -  alum inium  
ch lo ride  m elt (10 g. -  50 g . ) at 120° and the m elt held a t th is  
tem p era tu re , with s tir r in g , fo r 10 m inutes. The m elt w as decom posed 
and worked up a s  u sua l, and the d rie d  condensation product (4 g . )
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w as chrom atographed on alum ina, s ta rtin g  with petro leum  ether 
(b .p . 60 - 80°) a s  eluant and p ro g ress in g  to benzene.
The following m ain frac tio n s  w ere obtained successively :
2 :3-benzofluoranthene (LXX) (100 % petro leum  e th e r a s  eluant)
A f i r s t  frac tio n  w as yellow and on concen tra tion  orange yellow 
need les w ere obtained, m .p . 143 -  145°. Y ield: 55 mg.
Rubicene (LXXI) (petro leum  e th e r with 20 % benzene a s  eluant)
A second frac tio n  yielded on concentration  b righ t red  needles, 
m .p . 303°. Y ield: 105 mg.
T ransfo rm ation  p roduct of rubicene
On ex trac tion  of the alum ina of the  above chrom atogram  w ith t r i ­
chlorobenzene the  deep v io le t hydrocarbon w as obtained. Yield: 25 g.
A lum inium  chloride m elt of rubicene (transfo rm ation  product)
Rubicene (1 g . ) w as added to  a  m elt of alum inium  chloride and sodium 
ch lo ride  (10 g. -  2 g .)  at 130° and kept th e re  with s tir r in g  fo r 15 
m inu tes. The m elt was th e n -a fte r  decom posed with ice -co ld  dilute 
(1:3) hydrochloric  acid , f ilte re d , and the res idue  washed and dried . 
T he res id u e  (600 m g .) was d isso lved  in  trich lo robenzene and on 
c o d in g  a lm ost b lack  needles (see pages 59 and 61) w ere  obtained.
1 :5 -d ich lo r o- 9:10-dihydr o -9 :10 - diphenylanthr acen e-9:10- diol
6 g. of l:5 -d ich lo roan th raqu inone w ere  refluxed for 3 hours with a  
G rignard  compound from  2 g. of m agnesium , 8 .5  g. of b rom o- 
benzene, and 100 m l. of d ry  e ther, the e th e r  rem oved by d istilla tion  
and rep laced  by 100 m l. of d ry  toluene. The reac tio n  product was 
w orked up a s  u sua l and 3 .5  g. of the diol, m .p . 318°, w ere 
rece ived .
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Is5 -d ich lo ro-9 :10-d iphenylan thracene (LXXIV)
The diol (3 g . ), hydroiodic acid  (6 g. of 55 % solution), and g lacial 
a ce tic  acid  (20 m l . ) w ere refluxed fo r 30 m inutes. On cooling the 
ch lo ro -d eriv a tiv e  c ry s ta lliz ed  out, m .p . 233°. Y ield: 2 g.
Rubicene (LXXE)
2 g. of 1:5-d i chi or o - 9:10 - diphenylanthr a cene w ere  refluxed in 
quinoline (50 m l. ) with po tassium  hydroxide (2 g . ). A fter 10 minutes 
the  colour changed to  deep yellow, a fte r  30 m inutes to  deep red .
The reac tio n  w as in te rru p ted  a fte r  60 m inutes1 boiling by pouring 
the  quinoline into d ilu te hydrochloric  acid  (1:3). The rem aining  
re s id u e  w as re c ry s ta lliz e d  from  xylene, yielding 1. 2 g. of long, 
b rig h t red  needles, m .p . 304°, which gave no dep ression  with 
rub icene , p rep a red  as on page 59.
l-o x y -4 -ch i or o- 9:1 Q-anthraquinone
A m ixture  of phthalic anhydride (15 g . ) and chlorophenol (13 g . ) 
w as added to  a  m elt of alum inium  chloride  (125 g . ) and sodium 
ch lo ride  (25 g . ) a t 220° and kept th e re  with occasional s t ir r in g  fo r 
3 hours. T h en -a fte r the m elt w as decom posed by pouring into 
ic e  (1.000 g . ) and concentrated  hydrochloric  acid  (2. 000 g . ).
A fter f iltra tio n  and thorough washing with d ilu te hydrochloric 
acid  (1:3) and la te r  with w ater, the rem ain ing  res idue  was r e -  
c ry s ta lliz ed  fro m  glacia l ace tic  acid; slightly  yellow needles, 
m .p . 192 -  193°. Y ield: 70 % of th eo re tica l.
1:4- d ich lor o- 9:10 -an th ra  quinone
20 g . of the above p rep a red  l-oxy -4 -ch io ro -9 :10 -an th raqu inone  
and 20 g. of phosphorus pen tach loride  w ere  heated together in  a  
d is tilla tio n  flask  w ith a ttached  condensor fo r 4 hours a t 160° w ith 
an  oil bath. The phosphorus oxychloride, generated  during the
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reaction , d is tilled  off and in the f la sk  a yellow m ass of l:4 -d ich lo ro - 
9:10-anthraquinone rem ained . A fter rec ry s ta lliz a tio n  from  glacial 
ace tic  acid  16 g. of the quinone, m .p . 185°, w ere obtained.
l.g i-d ich lo ro - 9:10-d ih y d ro -9:10 - diphenylanthr acene- 9:10- diol
6 g. of l:4 -d ich lo roan th raqu inone w ere  refluxed for 3 hours with a 
G rignard  compound fro m  2 g. of m agnesium , 8 .5  g. of b rom o- 
benzene, and 100 m l. of d ry  e ther, the  e th e r then rem oved by 
d is tilla tio n  and rep laced  by toluene. The reaction  product was 
decom posed in  d ilu te  ace tic  acid  (50 %, 150 m l.) , f ilte re d , washed 
and d ried . On rec ry s ta lliz a tio n  with ethanol, 3 g. of the diol, 
m .p . 216° (decom p.) w ere obtained.
1:4 -d ic h lo ro -9 :l0 -diphenylanthracene (LXXV)
The above p rep a red  diol (2 g . ), hydroiodic acid  (6 g. of 55 % solution), 
and glacia l ace tic  acid  (20 m l.)  w ere refluxed for 30 m inutes. On 
cooling down, the hydrocarbon c ry s ta llized  out, m. p. 176 -  177 °. 
Y ield: 1 .2  g.
5-c h lo r  0 -4 -phenyl-2 :3 -benzfluoranthene ( LXXVI)
2 g. of the  above p rep a red  hydrocarbon w ere  refluxed in quinoline 
(20 m l . ) with po tassium  hydroxide (2 g . ). The colour changed a fte r  
10 m inutes to deep yellow. The reaction  was in te rru p ted  a fte r  15 
m inutes and the quinoline poured into dilute hydrochloric  acid (1:3). 
When the  received  brown res id u e  was re  c ry s ta llized  from  petro leum  
e th e r  (b .p . 60 -  80°), yellow need les w ere received , m .p . 215°.
Found: Cl, 90 9. C ggH ^C l re q u ire s  Cl, 9 .8  %.
Isorub icene  (FEDOROV-Synthesis)
1 g. of l:4 -d ich lo ro -9 :10-d ihydro-9 :10-d ipheny lan th racene-9 :10-d io l 
(p repara tion  a s  above), 12 g. of d ry  oxalic acid, 3 g. of sodium
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ace ta te , 0 .3  g. of copper bronze, 0. 3 g. of powdered alum inium  
w ere  heated in a d istilla tion  fla sk  fo r 30 m inutes to  300° a t 
30 m m . vacuum , then  fo r 1 hour a t 360°. A fter cooling down, the 
p roduct w as tre a te d  with hot w ater, then ex tracted  with benzene 
(50 m l .) and chrom atographed on alum ina, s ta rtin g  with pe tro leum  
e th e r  (b .p . 40 - 60°) and p ro g ress in g  to benzene. The following 
th re e  frac tio n s  w ere  received :
1:4- d ich lo ro -9:10-diphenylanthracene (100 % pe tro leum  e th e r a s  eluant) 
A lm ost co lo u rless  p r ism s  w ere  yielded  on concentration  of the  f i r s t  
frac tio n , m .p . 178°, yield: 50 mg. Mixed m elting point w ith a  
sam ple  p rep a red  according  to  page 63 gave no dep ression .
5 -chloro-4~phenyl- 2 :3-benzfluoranthene (LXXVI) (100 % petro leum  
e th e r  a s  eluant)
A second yellow frac tio n  yielded on concentration  yellow  needles, 
m .p . 214°, y ield : 200 mg. T his compound w as iden tical in m elting 
poin t and abso rp tion  spectrum  with the  compound, p rep a red  a s  above.
Iso rub icene  (LXXVII) (100 % benzene a s  eluant)
The la s t  frac tio n  w as red  and yielded on concentration  redd ish-brow n 
need les , m .p . 279°, in  a  y ield  of 10 mg. It gave no addition product 
w ith  m ale ic  anhydride in  boiling xylene o r a  m elt of the anhydride.
r  -  v * '
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